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Infections  with  paratyphoid  bacilli  are  frequent  in  Peiping  but 
during the course of 7 years, ending in 1927,  organisms  belonging  to 
the suipestifer or paratyphoid C  group were detected only five times. 
Since these organisms are so closely related to a  swine pathogen that 
is  widely distributed  and  since infections with  them  are apparently 
becoming more frequent,  it  seems  desirable  for us  to  record  briefly 
the history of the cases and our studies of the cultures. 
HISTORY  OF PATIENTS 
The history of these cases was abstracted from the records of the 
Peiping (Peking) Union Medical College. 
Case  l.--Liu. Entered the  hospital  in  1922,  with  a  history  that  20  days  before 
a  temperature  had  developed  together  with  chills  and  headache,  and that  this  had 
been  followed  by  jaundice. Some  days  later  there  was  swelling  and  pain  in  several 
of the joints, especially those of the left wrist and hand.  He admitted having had 
gonorrhea 10 years and 6 months before entrance.  An examination showed a puru- 
lent  discharge  from  the  urethra  which  contained Gram-negative intracellular 
diplococci.  His  temperature was  38  °  on entrance and  did  not go above this 
figure.  7 days after entrance he developed  a petechial rash,  and from a blood 
culture a pure growth of paratyphoids belonging to the suipestifer group was ob- 
tained,  lie died the following day and the anatomical diagnosis made from the 
autopsy was:  Chronic  gonococcal urethritis, prostatitis,  and seminal  vesiculitis 
with abscess formation; acute vegetative mitral endocarditis; acute splenic tumor; 
acute cholecystitis;  and nodular cirrhosis of the liver.  Gonococci were found in 
films from the prostate and in pus from the left wrist,  and were grown from the 
spleen.  In addition, paratyphoid bacilli were grown from the spleen, heart blood, 
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bile, and pus from the left wrist by Dr. J. H. Bauer who identified them as belonging 
to the suipestifer group. 
Case 2.--Li.  Chinese boy of 6.  :Entered the hospital with a history of fever of 
2  days duration.  On  admission his  temperature was  40°;  it gradually fell to 
normal 8 days later.  The spleen was palpable and there was a  slight jaundice. 
The leucocyte count was 5,150.  Blood taken on the day of admission yielded a 
pure culture of a paratyphoid bacillus.  2 days later the blood culture was negative. 
The stools examined on three different occasions were negative for non-lactose- 
fermenting organisms and the urine was negative 4  days after admission.  The 
serum taken 4,  11,  and  23  days after admission failed to  agglutinate typhoid, 
paratyphoid A and B, and the organism isolated from his blood.  On the last two 
occasions, however, the hog cholera bacillus was agglutinated, in the first instance 
in a  dilution of 1:40, and in the second 1:80.  Patient was discharged from the 
hospital in good condition 23 days after admission. 
Case 3.--Pao.  Male, age 24.  Entered hospitalwith large black gangrenous areas 
over the posterior aspect of both thighs, the result of a beating administered 3 days 
previously.  The past history had no bearing on the case.  His temperature on 
entrance was 39  ° and remained around this figure during his 11 days stay in the 
hospital.  Cultures  from  the  gangrenous  areas  showed  hemolytic streptococci, 
staphylococci, and Bacillus proteus.  10 days after admission, the day before his 
death, blood was taken for culture and after defibrination, 1 cc. was transferred 
to each of several Petri dishes and poured plates made.  From these plates, as 
well as from the bouillon inoculated at the same time, pure cultures of paratyphoid 
bacilli were obtained.  It was estimated that the blood contained 15 organisms 
per cubic centimeter.  The patient died the day after the blood culture had been 
made and autopsy permission was not obtained. 
Case 4.--Ying.  Chinese male, age 19.  Entered the hospital because of a moder- 
ate distension of the abdomen and a feeling of weakness that had progressed.  He 
stated that about a month before entrance he had had dysentery, passing bloody 
mucoid stools, and that some 10 days following this he had had a  febrile attack 
which lasted 4 or 5 days.  Later there was frequent urination, and it was stated 
that the urine was small in amount and dark in color.  2 weeks before entrance 
fresh blood was noticed in the urine.  On entrance his face was puffy, there was 
edema of the legs and feet, the liver and splee~ were palpable, and the heart was 
enlarged.  He had a marked anemia, his blood cells numbering 1,864,0(D,  with a 
hemoglobin content of 45 per cent.  There were a  few pus cells in the urine but 
blood was never noted.  The day after  admission the urine was cultured and a 
paratyphoid organism isolated.  Subsequent cultures on four different occasions 
were negative, and four different blood cultures were also negative.  Paratyphoid 
organisms were not found in 11 different stools examined.  5 days after admission 
his serum agglutinated paratyphoid C  (Hirschfeld) in a  dilution of 1:320, and 23 
and 40 days later in a dilution of 1:640.  The organism obtained from the urine 
was agglutinated in a  dilution of 1:640, 20 days after admission.  He was dis- 
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Case 5.--Chao.  Chinese woman, age 24.  Entered another hospital with evi- 
dence of sepsis and with a history of abortion induced 4 days previously.  She 
had pain and extreme tenderness  in the right hypochondrium.  There  was moder- 
ate jaundice.  12 days after entrance her temperature began to rise and had the 
characters of a typhoid-like disease.  There  is no note of the presence of rose 
spots or of enlargement  of the spleen.  Towards the end of this febrile  attack blood 
was taken for culture and a paratyphoid organism isolated.  This same organism 
was found in the urine 31 and 33 days after admission, and in one stool culture 
35 days after admission.  33 days after admission the patient's serum agglutin- 
ated the organism isolated from the blood in a dilution of 1:640.  There  was no 
agglutination of B. typhosus, or of paratyphoid A or B.  40 days after admission 
the serum agglutinated the patient's own organism and the hog cholera bacillus 
in a dilution of 1:2,560. 
The organisms isolated from these five cases were compared with 
our stock cultures of paratyphoid A and B  and with paratyphoid C 
of Hirschfeld as well as with the hog cholera bacillus. 
Cultural Tests 
All were Gram-negative, actively motile rods, that formed acid and 
gas promptly from dextrose, maltose, mannitol, and xylose, and failed 
to act on saccharose  and lactose.  They did not liquefy gelatin or 
produce indol.  By their action on rhamnose, arabinose, and dulcitol 
they could be divided into two groups, as is shown in Table I, which 
Mso includes the hog cholera bacillus. 
Cultures  Ying and  Chao  failed to  produce  hydrogen sulfid  soon 
after isolation but they later acquired this property.  On the other 
hand, our records show that the organisms of Group n  formed hy- 
drogen sulfid immediately after isolation. 
Serological  Tests 
All of the cultures were agglutinated in low dilutions of typhoid 
and paratyphoid B  but failed to show clumps in paratyphoid A  and 
enteritidis  antisera.  In  anti-hog cholera  bacillus  serum  all  of  the 
cultures were agglutinated to the titer limit, and the sera of rabbits 
immunized to these cultures agglutinated the hog cholera bacillus and 
the members of the group to which they belonged.  The organisms of 
the other group, which had been distinguished by cultural characters, 
were  agglutinated in  low  dilutions  only.  This  is  summarized  in 
Table  II. 310  PARATYPHOID  C  BACILLI 
Absorption  tests were at first confusing,  and it was  only after  we 
had  adopted  the method of Andrewes  (1)  and produced  specific  and 
non-specific sera that we could come to any conclusions regarding  the 
true  position  of  these  cultures. 
Bouillon  cultures made from isolated and  tested  colonies  and  killed  by  the 
addition of 0.I5 per cent formalin were used for the production of the antisera. 
TABLE  I 
Group 
II 
Hog cholers 
bacillus 
Culture 
Ying 
Chao 
Paratyphoid 
C (Hirschfeld) 
Liu 
Pao 
Li 
HCXVI 
Rhamnose 
Acid  only  at 
first.  Later 
small amount 
of gas 
Acid and gas in 
24 hours 
Action on 
Arabinose 
Acid and gas in 
24 hours 
No acid or gas 
Dulcitol 
Acid and  gas  in 
24 hours 
Acid  and  small 
amount of gas 
after 5  days 
No acid or gas 
TABLE  II 
Agglutinates  organi~ras  of 
Serum 
Group I  Group II  Hog cholera 
Group I  To titer limit  In low dilutions only  To titer limit 
"  II  In low dilutions only  To titer limit  "  "  " 
Hog cholera  To titer limit  "  "  "  "  "  " 
As a rule three intravenous injections into rabbits at intervals of a week in doses 
of 0.1,  0.25,  and 0.5  cc. produced a  satisfactory agglutinating serum.  For the 
agglutination  tests  as well as  the  absorptions living  cultures  were used.  The 
various forms were kept dried on papers according to the method of Brown (2) 
and when needed flasks of bouillon for antigens or Blake bottles for absorptions 
were inoculated.  This method proved to be a very satisfactory and labor-saving 
one. 
It was soon evident after these sera had been prepared that the cul- 
tures of Group I  contained both specific and non-specific forms, or as CARL  TEN]BROECK~  C, P. LI~ AND  If. YU 
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White says, they were diphasic, while the cultures of Group II were 
permanently non-specific. 
In Table III are given the results of agglutination tests with various 
sera.  It will be seen that the specific sera of the hog cholera bacillus 
as well as the serum from the animal immunized to the specific phase of 
the organisms of Group I  agglutinate the specific phase to practically 
the titer limit in every case; that the non-specific  phase of the diphasic 
cultures is agglutinated in low dilutions only; and that organisms of 
Group II are agglutinated very slightly by these sera.  It will also 
be seen that the sera of animals immunized to the non-specific phase of 
the diphasic cultures agglutinate the specific phase to a certain extent 
but not to the titer limit of the sera, whereas the non-specific phase and 
the organisms of Group II are agglutinated to practically  the  titer 
limit.  Further, the sera of rabbits immunized to Group II organisms 
fail to agglutinate the specific phase of cultures but do agglutinate the 
non-specific phase as well as the organisms of Group II. 
Absorption tests are given in Tables IV and V, and it should be noted 
that in these tables the figures are the highest dilutions of absorbed 
sera that agglutinate the cultures used in producing the  serum.  It 
will be seen that the specific phase of the diphasic  cultures absorbs 
practically all the agglutinins from the specific sera,  and that while 
the non-specific phase lower~ the titer it does not completely remove 
them; also that the organisms of Group ii have no effect on the specific 
sera.  It is evident that the non-specific phase has some specific ag- 
glutinogen present. 
In Table V are given the results of absorption tests on the sera of 
rabbits immunized to the non-specific phase and on the sera of rab- 
bits immunized to the permanently non-specific organisms of Group II. 
It will be seen that while the specific phase tends to lower the titer of 
these sera,  it  does not by any means  remove  all  the  agglutinins; 
whereas, with a  few exceptions, the non-specific phase and the per- 
manently non-specific forms completely remove the agglutinins for 
the immunizing culture. 
Virulence for Rabbits 
Theobald Smith (3) in his first descriptions of the hog cholera bacil- 
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and that small amounts given subcutaneously will produce a  febrile 
disease  followed by death  in  from 8  to  10  days  after  inoculation. 
While members of the paratyphoid group if injected intraperitoneally 
or intravenously will kill rabbits, they produce little or no effect when 
injected subcutaneously in amounts of 0.1 cc. or less of 24 hourbouil- 
lon  cultures.  The  hog  cholera bacillus, on the other hand,  even in 
dilutions as high as 1 : 1,000,000 will kill rabbits, provided the precau- 
tion is taken to test the animals  before  injection to see that they are 
not carriers of the rabbit paratyphoid organism, for it has been shown 
that an infection with this organism will protect against the hog chol- 
era bacillus (4). 
When these five cultures  were  tested  for  their  virulence, it was 
found that those in Group I  were not virulent for rabbits,  whereas 
those belonging to Group II were, so far as we could tell, just as viru- 
• lent as the hog cholera bacillus.  0.1 cc. of a 24 hour bouillon culture 
of a  Group I  organism injected subcutaneously produced little or no 
effect, while 0.000001  cc. of any of the three organisms belonging to 
Group II killed rabbits in less than 10 days. 
DISCUSSION 
The division  of  paratyphoid C organisms into  two groups was  made 
first by Andrewes and Neave (5) and was confirmed by White (6) and 
others.  We have added simply the virulence of the non-specific or- 
ganisms for rabbits.  This we feel is of some importance for it brings 
them more closely to the hog cholera bacillus, as does their action on 
rhamnose, arabinose, and dulcitol. 
We have no knowledge of the types of hog cholera bacilli found in 
swine in China, but White (6) has pointed out that the forms found in 
western Europe differ from those found in the United States, eastern 
Asia, and Europe, in that the majority of the 'former yield the non- 
specific form only while the majority of the latter are diphasic.  Con- 
firming Jordan and Victorson's work (7), he notes that most cultures 
from  America failed  to  produce  H,S,  while  the  European  strains 
promptly blackened lead acetate medium. 
Recently one of us isolated from swine in the United States a number 
of purely non-specific hog cholera bacilli.  These forms appear to be 
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the western European forms found by White.  We have also had an 
opportunity to  study the  culture  isolated  from man  by Branham, 
Motyca, and Devine (8)  and find that in its cultural and serological 
reactions it is a  purely non-specific form.  Since reports of the iso- 
lation of this group of organisms from humans are becoming more 
frequent, we would suggest that studies include the pathogenicity for 
rabbits and the serological classification.  The possible infection from 
swine should also be considered.  In the cases we have studied it was 
impossible for us to establish any relationship with pigs. 
What  part  these  organisms played  in  the  diseases  of  these five 
patients  did not come within the scope of these studies.  It seems 
probable  that  in  the majority of these  cases  they were present  as 
secondary or terminal invaders. 
SUMMARY 
A  brief  clinical  history of five  patients from whom  paratyphoid C 
was isolated  and a description  of the cultures  are given.  It is  pointed 
out that the purely non-specific  forms are more nearly related to the 
hog cholera bacillus  than are those containing both specific  and non- 
specific forms. 
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